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METHOD AND APPARATUS FOR 
MOLD TEMPERATURE CONTROL USING AIR 

FIELD OF THE INVENTION 

[0001] This invention relates generally to injection molds for 
molding objects out of thermoplastics, aluminum, and the like, and more 
particularly to a method and device for controlling the temperature of 
such a mold during molding processes. 

BACKGROUND OF THE INVENTION 

[0002] Injection molding is a well-known process used for the 
fabrication of plastic or metal objects or parts having complex shapes. In 
the injection molding process, a molten material, such as a plastic or a 
metal, is introduced into a mold and allowed to set or cure by cooling. 
Once the molten material is set or cured, the mold is opened, and the 
molded object is released. The temperature of the mold is preferably 
controlled throughout the molding process, for example to ensure the 
quality of the molded object, and to maximize production throughput. 

[0003] Proper temperature control is important when the molten 
material is injected into the mold, for example to avoid problems such as 
incomplete fill, poor part weld, and excessive stress in the part. The 
optimal mold temperature specified by the material manufacturer is 
typically well above room temperature, so proper temperature control 
usually requires heating the mold before introducing molten material into 
the mold. 

[0004] Various methods can be used to heat injection molds to 
an optimal temperature before introducing molten material. For example, 
the mold can be heated simply by introducing molten material. This 
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approach may necessitate a startup cycle wherein the first few molded 
parts contain defects, for example because of incomplete fill, and these 
defective parts must be discarded or recycled until the mold reaches an 
adequate temperature to produce parts that are free of defects. Another 
disadvantage of using molten material to heat the mold is that the mold 
must keep molding parts without interruption, or the mold will cool and 
the startup cycle and its associated waste must be repeated. Depending 
on the work environment, this startup cycle could be needed every 
morning, lunchtime, or coffee break. Similarly, variations in the delay 
between molding of successive objects can result in variations in the 
temperature of the mold when the successive objects are molded, which 
may reduce the uniformity of the successive objects. 

[0005] External heat sources can also be used to heat the mold 
to an optimal temperature, for example electric heating elements or 
heated fluid can be used. These external heat sources can be applied to 
the mold in a variety of ways known in the art. External heat sources can 
avoid the required startup cycle and waste associated with using molten 
material to heat the mold. This approach can also ensure that the mold 
temperature remains consistent across the molding of successive objects, 
thereby improving the uniformity of the successive objects. 

[0006] To produce high quality molded parts, optimum 
temperature control may require the application of heat in a non-uniform 
fashion, both across the area of the mold and over time. Heat can be 
applied at the periphery of the mold to heat the entire mold to a 
temperature which is essentially uniform across the molding surface, or 
applied in a non-uniform fashion to specific portions of the molding 
surface, for example the extremities of the mold cavity that may be the 
areas most likely to experience problems such as incomplete fill. Heat 
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can be applied continuously over time, as a pulse of heat at a certain 
point in the mold cycle, or in a time-varying fashion. 

[0007] Proper temperature control is also important after the 
molten material has been injected into the mold, during the period of time 
when the molded object sets or cures. When hot molten material is 
injected into a mold, the mold absorbs heat from the molten material and 
the temperature of the mold will increase toward the temperature of the 
molten material being injected into the mold. Thus, after molten material 
has been injected into the mold, it is desirable to provide cooling to 
remove heat from the mold and the molten material contained in the mold 
so that the molded object will set or cure, for example, to improve the 
quality of the objects being molded or to increase the productivity of the 
mold. 

[0008] As with heating, optimum temperature control may 
require the application of cooling in a non-uniform fashion, both across 
the area of the mold and over time. Cooling can be applied at the 
periphery of the mold to cool the entire mold uniformly, or applied in a 
non-uniform fashion to specific portions of the mold, for example, the 
hottest areas of the mold such as thick portions of the mold cavity that 
receive a relatively large volume of molten material, portions near the 
injection channel for molten material that receive molten material that is 
relatively hot, or portions adjacent to heating elements. Cooling can be 
applied continuously over time, as a pulse at a certain point in the mold 
cycle, or in a time-varying fashion. 

[0009] Proper temperature control after the molten material has 
been injected into the mold can affect the quality of the molded parts in a 
number of ways. For example, it is generally desirable to control the 
eventual temperature and cooling rate so that the plastic or metal object 
being molded exhibits the least possible amount of shrinkage and distortion 
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during the setting or curing process. It is also important to control the 
application of cooling so as to ensure uniformity among replications of the 
object being molded. 

[0010] In addition to improving the quality of the molded objects, 
proper temperature control can maximize productivity of the mold. For 
example, to minimize the setting or curing time after molten material has 
been injected the mold should be quickly cooled to an optimal temperature 
for setting or curing the object being molded, at the maximum rate 
possible which will nonetheless result in a molded object of acceptable 
quality. Similarly, after a first object is molded and removed from the 
mold, the mold should be heated quickly to an optimal temperature for 
receiving a new injection of molten material to form a second object, at 
the maximum rate possible which will not damage the mold or otherwise 
adversely affect the molding process. 

[0011] Temperature control of an injection mold has been 
accomplished by circulating fluid through channels fashioned in the walls 
of the mold. In such a system, fluid is heated and then circulated through 
the mold to heat the mold to an optimum temperature before the first 
injection or "shot" of hot plastic or metal material is introduced into the 
mold. Because there is good thermal conductivity between the mold and 
the fluid, the temperature of the mold will be close to the temperature of 
the fluid until molten material is injected into the mold. The optimum 
temperature of the fluid and the mold is usually well above room 
temperature but below the temperature of the hot molten material. 

[0012] Upon the introduction of the hot molten material, the 
temperature of the mold increases above the temperature of the fluid. 
The temperature of the fluid, however, is maintained at the optimum 
temperature, for example using an external heat exchanger or chiller. The 
continuous circulation of the fluid removes heat from the mold, thereby 
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returning the temperature of the mold (and the molten material forming 
the object being molded) to a temperature at or near the temperature of 
the fluid so that the object being molded sets or cures. With this 
approach, the fluid can be circulated through the mold substantially all the 
time that the mold is being used to make successive replications of the 
object being molded. 

[0013] Methods and devices for controlling the temperature of a 
fluid-cooled injection mold without the need for a continuous flow of 
cooling fluid are described in U.S. Patent Nos. 4,354,812 and 4,420,446 
to Horst K. Wieder, et al. These patents describe methods by which an 
injection mold can be maintained at a desired operating temperature using 
a cooling fluid which need not be elevated to or maintained at an ideal 
operating temperature. Accurate control of the temperature of an 
injection mold can be achieved by mounting a temperature sensor onto or 
within the mold. The temperature sensor provides an output signal 
indicative of the mold temperature. If the sensed mold temperature 
exceeds a selected control temperature level, a valve is opened to allow 
cooling fluid to enter the cooling channels in the mold, to thereby cool the 
mold. When the temperature sensor indicates that the mold is cooled 
below the control temperature, the valve is closed. Since cooling fluid is 
not continuously pumped through the mold cooling channels, the cooling 
fluid need not be heated to a particular operating temperature and the 
consumption of cooling fluid is reduced. 

[0014] Another method of injection mold temperature control is 
described in U.S. Patent No. 5,427,720 to Kotzab. Typically, a plurality 
of cooling channels are formed in an injection mold to provide cooling 
fluid to the mold. This patent describes determining, empirically or by 
calculation, a selected distribution profile for distributing cooling fluid 
among the cooling channels to achieve the desired amount of cooling of 
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the injection mold. Depending upon the shape of the object being 
molded, certain portions of the injection mold may require more cooling 
than others. At the same time during each molding cycle, a temperature 
sensor signal is used to determine the temperature deviation of the mold 
from a desired temperature. Simultaneously, valves are opened to provide 
pulses of cooling fluid through the cooling channels in the pre-determined 
distribution profile. The duration of the cooling pulses is determined by 
the measured temperature deviation. 

[0015] For some applications, the "pulse" cooling injection mold 
temperature control schemes just described may employ ordinary tap 
water as the cooling fluid. However, for many molding operations, the 
operating temperature of an injection mold can be very high. For 
example, the operating temperature of an injection mold for a high 
temperature molding process may be 300 F or higher, and the molten 
material injected into the mold may typically be at 700 F or higher. 
Water may be unsuitable as a cooling fluid for such high temperature 
molding operations without additional measures, such as pressurization, 
since water at normal atmospheric pressure will instantly turn to steam 
upon entering the cooling fluid channels of such a high temperature 
injection mold. 

[0016] Petroleum-based oils or synthetic heat transfer fluids 
have been employed as cooling fluids for controlling the mold temperature 
of high temperature injection molding operations. The use of such 
materials for high temperature injection mold cooling has several 
important limitations, however. Such fluids have an inherently poor heat 
transfer rate. Thus, the time needed during a production cycle to bring 
the injection mold to the desired operating temperature using such fluids 
is relatively long, thereby increasing the cycle duration, and decreasing 
the production rate. 
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[0017] Furthermore, petroleum based oils are difficult to work 
with and potentially dangerous. The combination of petroleum-based oil 
and high temperatures presents a fire hazard. The use of oil-based 
cooling fluids can also adversely affect the quality of a molded object. 
Hydrocarbon molecules from the cooling oil can get into the mold itself. 
These molecules will leave flow marks on the molded plastic or metal 
object. These flow marks can adversely affect the quality and 
appearance of the molded object. In particular, flow marks on an 
aluminum die cast object, caused by oil based cooling fluid contamination, 
will prevent finishing of the aluminum object in the affected area. If the 
die cast aluminum object cannot be finished properly, it must typically be 
scrapped or recycled. 

SUMMARY OF THE INVENTION 

[0018] The present invention passes pressurized air contained in 
an air supply tube through an orifice member into an exhaust channel, 
wherein the pressure of the air in the exhaust channel is lower than the 
pressure of the air in the air supply tube, thereby producing cooling at the 
orifice member. The orifice member is mounted in thermal 
communication with a portion of an injection mold where cooling is 
desired, whereby the cooling at the orifice member can be used to control 
the temperature of the portion of the injection mold where cooling is 
desired. 

[0019] A variety of structures can be used in a method and 
apparatus according to the invention. The air supply tube and exhaust 
channel can be, for example, aluminum tubes or holes bored in an 
injection mold. The air supply tube and exhaust channel may have any 
shape, for example they are not necessarily cylindrical or elongated. The 
air supply tube and exhaust channel are not necessarily concentric, 
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although they can be. The orifice member can be formed in a variety of 
ways, for example, as a tube having a small hole in its side or end, a disc 
or plug having a small hole, a partially opened valve, a porous or fibrous 
plug, a tortuous tube, or a capillary tube. 

[0020] Thermal communication between the orifice member and 
a portion of an injection mold where cooling is desired can also be 
accomplished in a variety of ways. For example, the orifice member can 
be mounted in direct contact with the portion of the injection mold where 
cooling is desired. Alternatively, the orifice member can be mounted in 
thermal contact, using a heat sink, thermal grease, or other structure or 
material providing thermal conductivity, with the portion of the injection 
mold where cooling is desired. The orifice member can be mounted so 
that at least a portion of the pressurized air released through the orifice 
member strikes the portion of the injection mold where cooling is desired. 
The orifice member can also be mounted so that at least a portion of the 
pressurized air released through the orifice member strikes a heat sink or 
other structure having a high level of thermal conductivity, where that 
heat sink or other structure is in thermal contact with the portion of the 
injection mold where cooling is desired. Of course, a combination of 
these approaches can be used to provide thermal communication between 
the orifice member and the portion of the injection mold where cooling is 
desired. 

[0021] In a preferred embodiment according to the invention, an 
air compressor produces pressurized air that is cooled using one or more 
after coolers. The cooled pressurized air is supplied to one end of an 
insulated air jet tube that is centrally mounted in an exhaust channel 
bored into an injection mold. The other end of the insulated air jet tube is 
sealed except for a small hole, and that end of the insulated air jet tube is 
positioned adjacent to an area of the mold in which cooling is desired. A 
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portion of the cooled pressurized air in the insulated air jet tube passes 
out of the small hole into the exhaust channel, whereby cooling occurs in 
the vicinity of the small hole including the area of the mold in which 
cooling is desired. 

[0022] According to another aspect of the invention, an air 
supply valve is mounted to regulate the flow of pressurized air to an air 
supply tube supplying pressurized air to an orifice member mounted in 
thermal communication with a portion of a mold to be cooled, in order to 
adjust the magnitude and timing of cooling of that portion of the mold (for 
example to assure that a molded object is properly set to achieve a high 
quality part, while minimizing the cooling time in order to maximize the 
production rate). The air supply valve is opened or closed to regulate the 
flow of pressurized air to the orifice member at one or more selected 
times and selected durations to adjust the magnitude and timing of 
cooling. 

[0023] According to another aspect of the invention, an air 
exhaust valve is mounted to regulate the back pressure in an exhaust 
channel which receives air from an orifice member mounted in thermal 
communication with a portion of a mold to be cooled, in order to adjust 
the magnitude and timing of cooling. The exhaust valve is opened to vent 
the exhaust channel and reduce the back pressure in the exhaust channel, 
thereby increasing the amount of cooling provided at the orifice member. 
The exhaust valve is closed to block the exhaust channel and increase the 
back pressure in the exhaust channel, thereby decreasing the amount of 
cooling provided at the orifice member. 

[0024] According to another aspect of the invention, a source of 
pressurized air, wherein the pressure of the supplied air is adjustable, 
supplies pressurized air to an air supply tube that supplies air to an orifice 
member, wherein the orifice member is mounted in thermal 
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communication with a portion of a mold to be cooled and wherein the 
orifice member exhausts the air to an exhaust channel, in order to adjust 
the magnitude and timing of cooling. The pressure of the supplied air is 
increased or decreased to vary the difference in the air pressure between 
the air supply tube and the exhaust channel, thereby increasing or 
decreasing the amount of cooling provided at the orifice member. 

[0025] According to another aspect of the invention, an orifice 
member having an adjustable size aperture is mounted in thermal 
communication with a portion of a mold to be cooled, and the size of the 
aperture of the orifice member is used to adjust the magnitude and timing 
of cooling. For example, the adjustable size aperture orifice member can 
be comprised of a partially opened valve whose degree of opening can be 
adjusted or controlled. Similarly, a porous plug can be selected from a 
plurality of porous plugs having pores of various sizes, or a fibrous plug 
can be selected from a plurality of fibrous plugs having fibers of various 
densities, or a capillary tube can be selected from a plurality of capillary 
tubes of various sizes, to form an orifice member whose aperture size can 
be adjusted or controlled. 

[0026] According to another aspect of the invention, an orifice 
member having a plurality of orifices mounted in close proximity to one 
another is mounted in thermal communication with a portion of a mold to 
be cooled, wherein at least one orifice in the plurality of orifices can be 
opened and closed independently of at least one other orifice in the 
plurality of orifices, and the number of orifices open in the plurality of 
orifices is used to adjust the magnitude and timing of cooling. 

[0027] According to another aspect of the invention, a variety of 
techniques can be used to control the timing or magnitude of cooling of a 
portion of a mold to be cooled by controlling any of the above control 
variables (opening or closing an air supply valve, opening or closing an air 
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exhaust valve, adjusting the pressure of supplied air, adjusting the 
effective size of an aperture of an orifice member, or adjusting the number 
of open orifices in an orifice member having a plurality of orifices. 

[0028] For example, one or more temperature values can be 
monitored using one or more temperature sensors which can be, for 
example, mounted to monitor the temperature of a portion of the mold to 
be cooled, a portion of the object being molded, a portion of the 
pressurized air or air supply tube, or a portion of the exhaust air or 
exhaust channel. A process controller can receive one or more of the 
monitored temperature values and adjust one or more of the 
aforementioned control variables, individually or in combination, to control 
the magnitude and timing of cooling provided by one or more orifice 
members. 

[0029] One or more air flow values can be monitored using one 
or more flow sensors which can be, for example, mounted to monitor the 
flow of air in one or more air supply tubes, orifice members, or exhaust 
channels. A process controller can receive one or more of the monitored 
air flow values and adjust one or more of the aforementioned control 
variables, individually or in combination, to control the magnitude and 
timing of cooling provided by one or more orifice members. 

[0030] One or more of the aforementioned control variables, 
individually or in combination, may also be adjusted at one or more 
selected times and selected durations during each molding cycle to 
provide pre-set amounts of cooling at specific points in the molding cycle. 

[0031] More than one air supply valve, air exhaust valve, 
pressurized air supply, or orifice member can be employed to provide 
cooling through one or more orifice members or pluralities of orifice 
members placed in thermal communication with different portions of the 
mold. The openings and closings of such air supply valves or air exhaust 
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valves, the pressures of the supplied air from such pressurized air 
supplies, the effective aperture sizes of such orifice members, the number 
of orifice members which are open in a plurality of orifice members, or the 
number of orifices which are open in an orifice member having a plurality 
of orifices can be controlled independently to provide optimized cooling in 
different parts of the mold to assure product quality and maximize 
production rates. 

[0032] Injection mold cooling employing air in accordance with 
the present invention can be implemented in either a closed loop system, 
in which the air is recycled, or an open loop cooling system, in which the 
air is exhausted to the atmosphere. 

[0033] In either a closed loop or an open loop system, the 
pressurized air can be cooled, filtered, dehumidified, humidified, or 
otherwise processed, or surfactants, cleaners, water, water vapor, or 
other substances can be added, for example to help keep impurities from 
building up in the cooling system or to improve the cooling efficiency of 
the cooling system. In either type of system, the pressurized air supply 
can be connected directly to an air supply channel leading to a cooling 
orifice member, or the pressurized air supply can be connected to an air 
supply valve that controls the flow of pressurized air to an air supply 
channel leading to a cooling orifice member. In either type of system, air 
passing out of the cooling orifice member travels through an exhaust 
channel, which may include an air exhaust valve. 

[0034] In an open loop cooling system in accordance with the 
present invention, pressurized air for cooling an injection mold is obtained 
directly from the atmosphere, compressed using an air compressor to 
provide a pressurized air supply, and, after passing through the orifice 
member for cooling, exhausted to the atmosphere via a muffler. 
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[0035] In a closed loop cooling system in accordance with the 
present invention, the pressurized air used in the cooling process is 
retained in a closed system. A closed loop cooling system can be 
preferred when the pressurized air is filtered, dehumidified, or otherwise 
processed to make the pressurized air more suitable for pressurization or 
more suitable for use with an orifice member to provide cooling. 

[0036] A closed loop cooling system may also be preferred when 
a gas or a mixture of gases other than pressurized air, for example carbon 
dioxide or nitrogen, is employed for injection mold cooling in accordance 
with the present invention. The use of processed air or a purified gas 
may prevent impurities from clogging the orifice members, air supply 
tubes, exhaust channels, or other air flow components over time. This 
can be especially important in regard to the orifice members, since the 
relatively small size of the apertures in the orifice members means that 
even minimal deposits of impurities in the aperture of an orifice member 
can change the effective size of that aperture and thereby change the 
magnitude of cooling provided by that orifice member. 

[0037] Pressurized air or other gas from a single compressor or 
pressurized storage tank can be used to supply pressurized air or other 
gas simultaneously to multiple air supply valves associated with multiple 
cooling orifice members. These multiple cooling orifice members can be 
located at multiple locations in a single injection mold or at multiple 
locations in multiple injection molds in accordance with the present 
invention. Each such cooling orifice member can have an independent air 
supply valve associated therewith such that the air flow to that cooling 
orifice member can be controlled independently by a process controller, or 
a single air supply valve can be used to control air to multiple cooling 
orifice members through an air supply manifold. Similarly, each such 
cooling orifice member can have an independent exhaust air valve 
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associated therewith such that the back pressure to that cooling orifice 
member can be controlled independently by a process controller, or a 
single exhaust air valve can be used to control back pressure to multiple 
cooling orifice members through an exhaust air manifold. 

[0038] Injection mold cooling in accordance with the present 
invention provides many advantages over previous methods of controlling 
the temperature of injection molds, and can be employed in any type of 
injection molding application, e.g., for forming plastic or metal objects and 
for high or low temperature applications. Since pressurized air is used for 
mold temperature control, the potential fire hazard associated with using 
petroleum based oils for high temperature mold cooling is eliminated. 
Pressurized air will not contaminate or damage a molded object, as can 
oil-based cooling fluids. The location of an orifice member (and therefore 
the position of the cooling effect provided by that orifice member) and the 
size and number of orifice members (and therefore the magnitude of the 
cooling effect at multiple positions) can be changed more readily than the 
location and magnitude of cooling produced by cooling channels carrying 
oil or other cooling fluids. Thus, the present invention provides improved 
cooling of injection molds for the production of high quality molded 
objects at a high production rate. 

[0039] Further objects, features, and advantages of the invention 
will be apparent from the following detailed description when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

[0040] FIG. 1 is a cross-sectional view of an injection mold and 
exemplary mold cooling apparatuses in accordance with the invention, 
with the injection mold shown in the closed position. 
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[0041] FIG. 2 is a cross-sectional view of an exemplary 
apparatus for mold temperature control according to the invention. 

[0042] FIG. 3 is a cross-sectional view of another example of an 
apparatus for mold temperature control according to the invention. 

[0043] FIG. 4 is a cross-sectional view of an alternative example 
of an apparatus for mold temperature control according to the invention. 

[0044] FIG. 5 is a cross-sectional view of a another exemplary 
apparatus for mold temperature control according to the invention. 

[0045] FIG. 6 is a cross-sectional view of an exemplary orifice 
member for use in a method and apparatus according to the invention. 

[0046] FIG. 7 is a cross-sectional view of another example of an 
orifice member for use in a method and apparatus according to the 
invention. 

[0047] FIG. 8 is a cross-sectional view of an alternative example 
of an orifice member for use in a method and apparatus according to the 
invention. 

[0048] FIG. 9 is a cross-sectional view of another exemplary 
orifice member for use in a method and apparatus according to the 
invention. 

[0049] FIG. 10 is a block diagram of a cooling apparatus 
according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0050] Referring to the drawings, Fig. 1 is a cross-sectional view 
of an exemplary injection mold which includes various aspects and 
embodiments of an apparatus for mold temperature control using air in 
accordance with the invention. The exemplary injection mold, shown 
generally at 10, is in the closed position in Fig. 1. The injection mold 10 
includes a mold cavity 1 1 having one or more molding surfaces 12. The 
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mold cavity 1 1 receives molten material 1 3 for forming a molded object, 
for example using one or more injection channels 1 4 to inject the molten 
material 1 3 into the mold cavity 1 1 . The mold cavity 1 1 may have one or 
more central portions 15, one or more extremity portions 16, and one or 
more intermediate portions 17. The injection mold may include one or 
more heater elements 18, for example an electrical rod heater mounted in 
a machined groove or drilled hole or attached to the moJd perimeter. 

[0051] An apparatus for mold temperature control using air in 
accordance with the invention may include an air supply port 20 for 
receiving pressurized air 21 from an air supply system, indicated generally 
at 22, and an air exhaust port 23 for discharging exhaust air 24 to an air 
exhaust system, indicated generally at 25. In each of the embodiments 
shown in Fig. 1, it should be understood that each air supply port 20 is 
connected to an air supply system 22 (which can be independent or 
shared by multiple air supply ports), although only one such connection is 
shown in Fig. 1 . Similarly, it should be understood that each air exhaust 
port 23 in Fig. 1 is connected to an air exhaust system 25 (which can be 
independent or shared by multiple air exhaust ports), although only one 
such connection is shown in Fig. 1. 

[0052] An exemplary air supply system 22 may include an air 
intake 30, an air compressor 31, an after cooler 32, a water cooled after 
cooler 33, and an air supply valve 34, although this is not required and 
other structures for providing pressurized air 21 can be used. An 
exemplary air supply system 22 may cool the pressurized air 21, for 
example the output of the air compressor 31 can be coupled to the input 
of the after cooler 32, and the output of the after cooler 32 can be 
coupled to the input of a water cooled after cooler 33. The output of the 
water cooled after cooler 33 can be coupled to the input of an air supply 
valve 34, and the output of the air supply valve 34 can be coupled to one 
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or more air supply ports 20. In an open loop system, the air intake 30 
may receive air directly from the atmosphere, while in a closed loop 
system the air intake 30 may receive air from an air exhaust system 25. 

[0053] An exemplary air exhaust system 25 may include a 
mixing muffler 35, for example to combine the exhaust air 24 with cooler 
air or to reduce noise levels, although this is not required and other 
structures for exhausting air can be used. In an open loop system, the air 
exhaust system 25 may release the exhaust air 24 directly to the 
atmosphere. In a closed loop system, the air exhaust system 25 may 
return the exhaust air 24 to an air intake 30 of an air supply system 22 
for recycling. One or more insulation plates 26 can be used to reduce 
heat transfer from the injection mold 1 0 to the air supply system 22 and 
the air exhaust system 25. 

[0054] As shown in Fig. 1, an apparatus for mold temperature 
control using air in accordance with the invention may include one or 
more temperature sensors 40, each having a temperature signal connector 
41 . Each temperature sensor 41 can include a temperature sensing 
element 42 (such as a thermocouple, thermistor, resistive temperature 
detector, or infrared detector) that is preferably at least partially disposed 
within a protective housing 43, for example a flexible metal sheath. One 
or more temperature sensors 40 can be positioned in proximity to a 
molding surface to form one or more molding surface temperature sensors 

44 for measuring the temperature of the molding surface. One or more 
temperature sensors 40 can be positioned at other suitable locations on, 
in, or near the mold, to form one or more periphery temperature sensors 

45 for measuring the temperature of various portions of the mold. 
Although this is not shown in Fig. 1, it should be understood that the 
temperature signal connector 41 of each temperature sensor 40 can be 
connected to a process controller 46 as shown in Fig. 6, whereby the 
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process controller 46 may receive temperature signals or data from the 
one or more temperature sensors 40 for use in controlling the temperature 
of one or more portions of the mold. 

[0055] In a first embodiment of an apparatus for mold 
temperature control using air in accordance with the invention as shown 
generally in Fig. 1 and in greater detail in Fig. 2, a first air jet cooling 
assembly, indicated generally at 50, provides cooling adjacent to a central 
portion 1 5 and an extremity portion 1 6 of the mold cavity 11. An air 
supply port 20 can be coupled, for example, to one or more air supply 
bores 51 to form an air supply manifold 52. The air supply manifold 52 
can be coupled to one or more air supply tubes 53, preferably using one 
or more air supply tube fittings 54. Each air supply tube 53 is preferably 
at least partially surrounded by an insulating jacket 55. Each air supply 
tube 53 supplies air to at least one orifice member 60 that can be formed, 
for example, by sealing the distal end 56 of the air supply tube 53 except 
for a small aperture. 

[0056] The orifice member 60 is adapted to be in thermal 
communication with a portion of the mold where cooling is desired, for 
example by positioning the orifice member 60 adjacent to or in contact 
with that portion of the mold or by positioning the orifice member 60 so 
exhaust air 24 from the orifice member 60 flows onto that portion of the 
mold. Additional structures, for example, one or more heat sinks, cooling 
fins, or heat conduction elements, can also be used to enhance the 
thermal communication between the orifice member 60 and the portion of 
the mold where cooling is desired. 

[0057] The orifice member 60 is adapted to receive pressurized 
air 21 from an air supply tube 53, and to release a portion of the 
pressurized air 21 into an exhaust channel 61 as exhaust air 24. This can 
be accomplished, for example, by positioning the orifice member 60 at 
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the distal end 56 of an air supply tube 53 located in an exhaust channel 
61 . It is believed that the cooling which occurs at the orifice member 
may be due to the Joule-Thomson effect, but it is understood that the 
invention is not limited by a particular theory of the underlying physics. 
The exhaust channel 61 may include, for example, a plurality of exhaust 
bores 62 to form an exhaust manifold 63. The exhaust manifold 63 can 
be connected to an air exhaust port 23 coupled to an air exhaust system 
25. 

[0058] In a second embodiment of an apparatus for mold 
temperature control using air in accordance with the invention as shown 
generally in Fig. 1 and in greater detail in Fig. 3, a second air jet cooling 
assembly, indicated generally at 70, provides cooling adjacent to a central 
portion 1 5 of the mold cavity 1 1 . An air supply tube 53 having a distal 
end 56 and a proximal end 57 is centrally mounted in a combination bore 
71 . An end plug 72 can be used to seal the proximal end 73 of the 
combination bore 71. 

[0059] An air supply port 20 supplies pressurized air 21 to the air 
supply tube 53, for example via a side air supply bore 74 coupled to a 
side feed air supply fitting 75 mounted to the proximal end 57 of the air 
supply tube 53. The air supply tube 53 supplies pressurized air 21 to at 
least one orifice member 60. The air supply tube 53 is preferably at least 
partially surrounded by an insulating jacket 55. 

[0060] The orifice member 60 is adapted to receive the 
pressurized air 21 from the air supply tube 53, and to release a portion of 
the pressurized air 21 into an exhaust channel 61 as exhaust air 24. The 
exhaust channel 61 releases the exhaust air 24 to an air exhaust system 
25, for example by releasing the exhaust air 24 into a portion of the 
combination bore 71 that is coupled to a side air exhaust bore 76 leading 
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to an air exhaust port 23, where the air exhaust port 23 is coupled to an 
air exhaust system 25. 

[0061] The orifice member 60 is adapted to be in thermal 
communication with a portion of the mold where cooling is desired, for 
example by positioning the orifice member 60 adjacent to or in contact 
with that portion of the mold. A compression spring 77 can be positioned 
between the end plug 72 and the side feed air supply fitting 75 to apply 
compression force against the side feed air supply fitting 75 to press the 
distal end 56 of the air supply tube 53 into contact with the distal end 78 
of the combination bore 71 . 

[0062] In a third embodiment of an apparatus for mold 
temperature control using air in accordance with the invention as shown 
generally in Fig. 1 and in greater detail in Fig. 4, a third air jet cooling 
assembly, indicated generally at 80, provides cooling adjacent to an 
intermediate portion 1 7 of the mold cavity 1 1 . An air supply tube 53 
having a distal end 56 and a proximal end 57 is centrally mounted in a 
combination bore 71 . An end plug 72 can be used to seal the proximal 
end 73 of the combination bore 71. 

[0063] An air supply port 20 supplies pressurized air 21 through 
the air supply tube 53, for example via a side air supply bore 74 leading 
to a horizontal air supply bore 81 coupled to a horizontal feed air supply 
fitting 82 mounted to the proximal end 57 of the air supply tube 53. The 
air supply tube 53 supplies pressurized air 21 to at least one orifice 
member 60. The air supply tube 53 is preferably at least partially 
surrounded by an insulating jacket 55. 

[0064] The orifice member 60 is adapted to receive the 
pressurized air 21 from the air supply tube 53, and to release a portion of 
the pressurized air 21 into an exhaust channel 61 as exhaust air 24. The 
exhaust channel 61 releases the exhaust air 24 to an air exhaust system 
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25, for example by releasing the exhaust air 24 into a portion of the 
combination bore 71 coupled to a horizontal air exhaust bore 83 leading 
to a side air exhaust bore 76 that leads in turn to an air exhaust port 23. 

[0065] The orifice member 60 is adapted to be in thermal 
communication with a portion of the mold where cooling is desired, for 
example by positioning the orifice member 60 adjacent to or in contact 
with that portion of the mold. A compression spring 77 can be positioned 
between the end plug 72 and the horizontal feed air supply fitting 82 to 
apply compression force against the horizontal feed air supply fitting 82 
to press the distal end 56 of the air supply tube 53 into contact with the 
distal end 78 of the combination bore 71 . 

[0066] In a fourth embodiment of an apparatus for mold 
temperature control using air in accordance with the invention as shown 
generally in Fig. 1 and in greater detail in Fig. 5, a third air jet cooling 
assembly, indicated generally at 85, provides cooling to a portion of the 
injection mold 1 0, for example, a portion located between a heater 
element 1 8 and a central portion 1 5 of the mold cavity 1 1 . 

[0067] An air supply port 20 supplies pressurized air 21 to an air 
supply tube 53. The air supply tube 53 can be formed, for example, as a 
first portion 86 of an inline bore 87. The air supply tube 53 supplies 
pressurized air 21 to at least one inline orifice member 88 that can be 
formed, for example, as a disk or plug having a small aperture and 
mounted at an intermediate position in the inline bore 87. 

[0068] The inline orifice member 88 is adapted to receive the 
pressurized air 21 from the air supply tube 53, and to release a portion of 
the pressurized air 21 into an exhaust channel 61 as exhaust air 24. The 
exhaust channel 61 can be formed, for example, as a second portion 89 
of an inline bore 87 leading to a side air exhaust bore 76 that leads in turn 
to an air exhaust port 23. The inline orifice member 88 is adapted to be 
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in thermal communication with a portion of the mold where cooling is 
desired, for example by positioning the inline orifice member 88 adjacent 
to or in contact with that portion of the mold. 

[0069] Fig. 6 shows a first exemplary orifice member 90 for use 
in a method and apparatus according to the invention. The orifice 
member 90 includes a disk 92 having a central aperture 91 and mounted 
within an air supply tube 53. One or more notches 93 can be formed in 
the air supply tube to allow exhaust air to escape from the periphery of 
the exhaust tube. The air supply tube 53 can be centrally mounted within 
an air exhaust channel 61, for example within an air exhaust bore 62 and 
preferably in contact with the distal end 64 of the air exhaust bore 62. 
An insulating jacket 55 preferably surrounds at least a portion of the air 
supply tube 53. 

[0070] Fig. 7 shows a second exemplary orifice member 94 for 
use in a method and apparatus according to the invention. The second 
exemplary orifice member 94 may include one or more peripheral 
apertures 95 that can be formed, for example, as holes in an air supply 
tube 53. The air supply tube 53 can be mounted within an air exhaust 
channel 61, for example within an air exhaust bore 62 and preferably in 
contact with the distal end 64 of the air exhaust bore 62. An insulating 
jacket 55 preferably surrounds at least a portion of the air supply tube 53. 

[0071] Fig. 8 shows a third exemplary orifice member 96 for use 
in a method and apparatus according to the invention. The third 
exemplary orifice member 96 can be formed as a restriction, for example 
a disk having a small hole, a porous plug, or a capillary tube, between a 
first portion 86 and a second portion 89 of an inline bore 87. 

[0072] Fig. 9 shows a fourth exemplary orifice member 97 for 
use in a method and apparatus according to the invention. The orifice 
member 97 includes one or more peripheral notches 98 formed on the 
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periphery of the distal end 56 of an air supply tube 53. The air supply 
tube 53 can be centrally mounted within an air exhaust channel 61, for 
example an air exhaust bore 62. By positioning the distal end 56 of the 
air supply tube 53 in contact with a solid structure, for example the distal 
end 64 of an air exhaust bore 62, the distal end 56 of the air supply tube 
53 is sealed, except for the peripheral notches 98 that thereby form 
apertures from the orifice member 97. An insulating jacket 55 preferably 
surrounds at least a portion of the air supply tube 53. A standoff 99 can 
be used to keep the air supply tube 53 centered within the air exhaust 
channel 61 . 

[0073] Fig. 10 shows a block diagram of the various components 
of a cooling apparatus according to the invention. The apparatus may 
include a process controller 46, for example a conventional programmable 
controller or general purpose computer. The apparatus may include one 
or more user interface devices, for example one or more status indicators 
101 or visible alarms 102, for example a light emitting diode (LED), liquid 
crystal display (LCD), incandescent light, colored panel, or the like. The 
apparatus may include a general purpose information display 103, for 
example a flat panel display or cathode ray tube (CRT) display. The 
apparatus may include one or more input devices 1 04, for example a 
keyboard, switch, touch screen, mouse, key lock, pen input, or the like. 
The apparatus may include one or more audio devices 1 05, for example 
an audible alarm, speaker, or the like for providing audible status, 
information, help, or alarm messages. The apparatus may include a 
communications interface 106, for example an twisted pair ethernet 
interface, 802.1 1 wireless network interface, RS-232 serial interface, or 
the like, to provide status and control communication with external 
control or monitoring systems. 
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[0074] The controller 46 can be adapted to receive status 
information for use in controlling the timing and magnitude of heating or 
cooling that is applied to portions of the injection mold. For example, the 
controller 46 may receive air flow information from one or more air flow 
sensors 1 07 positioned to measure air flow, for example in an air supply 
tube 53, in an orifice member 60 or inline orifice member 95, or in an air 
exhaust channel 61 . The controller may receive temperature information 
from one or more temperature sensors 40. 

[0075] The controller 46 can be adapted to control the timing 
and magnitude of heating that is applied to portions of the injection mold 
by activating a heater 18. 

[0076] The controller 46 can be adapted to adjust or control 
various components of the apparatus for controlling the timing and 
magnitude of cooling that is applied to portions of the injection mold. For 
example, the controller 46 may open, partially open, close, or partially 
close one or more air supply valves 108 or air exhaust valves 109. The 
controller 1 00 may open, partially open, close, or partially close an 
adjustable size aperture 1 1 0 in an orifice member. The controller 46 may 
open, partially open, close, or partially close a switchable orifice member 
111. The controller may adjust or control the pressure of the pressurized 
air produced by an adjustable pressure air supply 112. 

[0077] There are various possibilities with regard to alternative 
embodiments and applications of a method and apparatus using air for 
controlling the temperature of an injection mold. 

[0078] Although the exemplary embodiments of the present 
invention refer to air as the gas for operation, other gases known to those 
skilled in the art as having suitable properties can be appropriately 
substituted. For example, nitrogen or carbon dioxide gases could be used 
in an appropriate case. 
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[0079] Although the exemplary embodiments of the present 
invention show air supply tubes and air exhaust channels comprised of 
one or more elongated cylinders, other shapes can be used. It is not 
important to the invention that either the air supply tubes or the air 
exhaust channels are either elongated or cylindrical. 

[0080] It is understood that the invention is not limited to the 
particular embodiments described herein, but embraces all such modified 
forms thereof as come within the scope of the following claims. 
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